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The mechanical requirements for a graft or regenerative 
tissue scaffold can vary depending on the expected load and 
healing time for such a device. For synthetic tendon repair the 
graft should have mechanical properties that facilitate its 
surgical introduction and fixation and be capable of 
withstanding high tensile loading with limited extension 
during the recovery phase. Tendons have a tensile strength of 
50 to 150 MPa and an elastic modulus of 550 MPa and 
upwards [1-3]. Finding a suitable synthetic material is often 
a compromise between mechanical performance and 
biocompatibility. Polycaprolactone (PCL) is known to have 
excellent properties as a biomaterial due to the favorable 
cytotoxic and cell growth response observed in vitro and in 
vivo. In addition, the biological breakdown time for PCL is 
acceptable for applications where the graft is expected to bear 
load for an extended period of healing [3]. However, the 
measured tensile properties of as-spun PCL is insufficient for 
high tenacity and high modulus applications [4, 5]. The post-
spinning drawing of polycaprolactone is one option for 
increasing the mechanical properties of PCL.  
 
APPROACH 
Partially oriented multifilament yarns of PCL were produced 
using a mixing extruder with a multi-filament die. The fibres 
were then formed in to fully drawn filaments through a 
continuous multi-stage cold drawing process (Fig. 1) 
designed to elongate and orientate the polymer chains. 
 
 
Figure 1. The cold drawing of polycaprolactone. 
 
The tensile properties, including the modulus and elastic 
recovery of filaments subjected to cyclic loading was 
measured. The mechanical properties of undrawn and drawn 
filaments were compared.  
 
RESULTS AND DISCUSSION 
Fibre properties 
The mean diameter of as-spun PCL filaments was 85 µm as 
determined by cross sectioning. After the multi-stage 
drawing process the mean filament diameter reduced to 30 
µm. 
Tensile properties 
The stress strain curves for the as-spun PCL indicated low 
molecular chain orientation which resulted in a high level of 
plastic flow (> 500 %) and a relatively low tensile strength 
(63 MPa) and Young’s Modulus (315 MPa). Through 
drawing, the tensile strength and Young’s modulus increased 
to 700 MPa and >1000 MPa respectively (Fig. 2). 
 
 
Figure 2. Typical stress strain curves for as-spun and drawn 
PCL with human patellar tendon [2, 3]. 
 
CONCLUSIONS 
PCL multifilament yarns were melt spun and drawn to a final 
diameter of 30 µm and were found to have a tensile strength 
and Young’s modulus that exceeds the mechanical properties 
of tendons and substitute vascular and non-vascular grafts. 
The mechanical properties of the filaments were found to be 
tunable creating the possibility of engineering 2D/3D 
woven/knitted or unidirectional assemblies with appropriate 
performance for a range of biomedical applications. 
 
This presentation will discuss additional data on the cyclic 
loading behavior as a function of drawing conditions, along 
with other relevant data on PCL fibre properties. 
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